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Abstract: Extracts  of nematodes  of  the  Rale igh ,  Nor th  Carol ina  (RNC),  Waynesvi l le ,  N. C. 
(WNC), and  on ion  popu la t ions  of Ditylenchus dipsaci were e x a m i n e d  for pectolytic activity. R N C  
nema todes  conta ined  a NaCl - s t imula t ed  endo-po lymethy lga lac tu ronase  wi th  op t ima l  p H  for 
activity of 6.0, whereas  nematodes  of the  W N C  and  onion  popu la t ions  possessed a NaC1- 
s t imula ted  endo-polyga lac turonase  wi th  p H  o p t i m u m  of 4.0. Nema todes  of each popu l a t i on  also 
conta ined  a CaC12-activated endo-pec t in  methyl-trans-eliminase with  op t ima l  pI-I of 9.0. Nema tode  
extracts  con ta in ing  0.5 M NaCI macera ted  po ta to  discs. R N C  and  on ion  nematodes  induced  gall 
fo rma t ion  in W a n d o  pea seedlings, bu t  W N C  nema todes  induced  a resis tant ,  hypersens i t ive  
response.  T h u s  pectolytic activity was no t  correlated with pa thogenic i ty  of D. dipsaci on  W a n d o  
pea. Key Words: s tem nematode ,  pea,  pa thogenic i ty ,  resistance. 

Pectolytic enzymes have been investi- 
gated in several nematodes (4). Because of 
the widespread occurrence of cell separation 
in plants infected by Ditylenchus dipsaci 
(21), pectolytic activity in extracts or secre- 
tions of various races or populations of this 
nematode has frequently been described (5, 
10, 12, 13, 16, 19, 20, 24). Krusberg (13) 
demonstrated both hydrolytic and trans- 
eliminative degradation of pectin with 
extracts of nematodes of the Raleigh, 
North Carolina (RNC) alfalfa population. 
Riedel and Mai (19)  detected endo- 
polygalacturonase (endo-PG) and endo- 
pectin methyl-trans-eliminase (endo-PMTE) 
in aqueous extracts of an onion population 
of D. dipsaci from Orange County, New 
York (ONY). Endo-polymethylgalacturonase 
(endo-PMG) and PMTE in RNC D. dipsaci 
were confirmed by Muse et al. (16), but 
extracts of the Waynesville, North Carolina 
(WNC) alfalfa population contained endo- 
PG and PMTE. These two populations 
differ in that RNC nematodes induce 
galling and stunting of Pisum sativum 
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'Wando', whereas WNC nematodes induce 
a hypersensitive reaction (8). 

Riedel and Mai (19) suggested that 
differences in pectolytic activities among 
nematodes of RNC, WNC, and ONY 
populations possibly resulted from experi- 
mental variations. The purpose of this 
investigation was to study pectolytic 
enzymes of the RNC, WNC and ONY 
populations of D. dipsaci under uniform 
conditions. 

MATERIALS AND METHODS 

KNC, WNC, and ONY populations of 
D. dipsaci were cultured monoxenically on 
alfalfa callus (11). Nematodes were re- 
moved from 6- to 8-week-old cultures with 
modified Baermann funnels, washed 5 
times with distilled H20, and diluted to I0 
times their fresh packed volume with 0.5 
M NaC1 or 0.005 M CaC12. The resulting 
suspension was passed twice through a 
French pressure cell and centrifuged 10 rain 
at 9,000 g. The supernatant was dialyzed 
overnight at 4 C against one liter of 0.5 
M NaC1 or 0.005 M CaC12 and used as the 
source of enzyme. Control extracts were in- 
activated by boiling for 15 min. Protein in 
trichloroacetic acid precipitates of extracts 
was estimated by the Lowry method (14); 
casein solutions were standards. 

Depolymerizing pectolytic activity, i.e., 
that consisting of any fragmentation (exo- 
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or endo-) of a pectic substance at the bond 
connecting two galacturonic acid residues, 
was measured by determinat ion of increase 
in reducing power of pectic substances 
following enzymic action. Substrate was 
1.0% citrus pectin (Nutr i t ional  Biochem- 
icals Corp., Cleveland, Ohio) or 1.0% 
sodium polypectate (Nutr i t ional  Biochem- 
icals Corp.) buffered at pH 4.0, 5.0, 6.0, or 
7.0 with citrate-phosphate buffer (0.1 M 
citric acid plus 0.2 M Na2HPO 0 or at p H  
8.0 or 9.0 with 0.2 M tris(hydroxymethyl) 
amino methane. One ml of active or boiled 
extract of D. dipsaci in 0.5 M NaC1, or one 
ml of 0.5 M NaC1 was incubated with 4 ml 
of substrate for 3 h at 30.1 C. T w o  drops of 
toluene were added to inhibi t  bacterial 
growth (i0). T h e  reducing power of a 
0.5-ml aliquot from each reaction mixture  
was measured by the dinitrosalicylic acid 
(DNSA) method (15), with galacturonic 
acid solutions as standards. 

T h e  type of depolymerization, i.e. exo- 
or endo-, was determined by viscometry. 
Substrate was 1.0% pectin or 1.25% Na 
polypectate, buffered as previously described 
from p H  4.0 through 9.0. In tests with 
extracts of D. dipsaci in 0.005 M CaCI2, 
substrate contained 0.003 M CaC12. One ml 
of active or boiled nematode extract was 
added to 5 ml of substrate in No. 300 
Ostwald-Fenske viscometers. Loss in viscos- 
ity (10) was determined after incubat ion 
for 30 min at 30.1 C. 

For measurement of trans-eliminase 
activity, one ml of active or boiled extract 
of D. dipsaci, 0.5 M NaC1, or 0.005 M 
CaC12 was added to 4 ml of 1.0% pectin or 
1.0% Na polypectate buffered from pH 4.0 
through 9.0 and containing 2 drops of 
toluene. Solutions were incubated for 24 h 
and unsaturated degradation products were 
measured by the thiobarbituric acid (TBA) 
method (17). Attempts were also made to 
detect such breakdown products directly by 
measurement of increases in absorbance at 
230 nm (1). 

Pectin methylesterase (PME) activity 
was measured by a modification of the 
method of Smith (22). Substrate was 0.5% 
pectin and 0.2% phenol  in 0.1 M NaC1. 
Th r e e  ml of active or boiled extract of 
nematodes in 0.5 M NaC1 was added to 30 
ml of substrate, and p H  was adjusted to 
4.0, 5.0, 6.0, 7.0, 8.0, or 9.0 with N a O H  

solution. Reaction mixtures were incubated 
at 30.1 C, and p H  was measured after 3 and 
24 h. 

Liberat ion of galacturonic acid by 
hydrolysis of pectic substances was detected 
by ascending paper chromatography. One 
ml of active or boiled extract  of D. dipsaci 
in 0.5 M NaC1 was added to 4 ml of 1.25% 
pectin buffered at p H  6.0 (RNC popula- 
tion), or 1.25% Na polypectate buffered at 
p H  4.0 (WNC and ONY populations) and 
containing 2 drops of toluene. Solutions 
were incubated for 48 h at 30.1 C and 
centrifuged 20 min at 9,000 g. Ten-t~l 
aliquots from the supernatants and 
galacturonic acid standards were spotted on 
Whatman No. 1 paper. Chromatograms 
were developed with 75% isopropanol: 
glacial acetic acid (9:1) (3), dried, sprayed 
with P-anisidine HC1 reagent (18), and 
heated for 10 rain at 130 C. 

Enzymic maceration of potato discs was 
detected by immersing tuber sections 1.5 
mm thick in a solution comprised of 2 ml 
of active or boiled extract of D. dipsaci in 
0.5 M NaC1, 2 ml of buffer at p H  6.0 (RNC 
populat ion) or p H  4.0 (WNC and ONY 
populations), and 2 drops of toluene. Discs 
were scraped with a knife after 5, 10, and 
20 h to determine degree of macerat ion 
subjectively. This  procedure was repeated 
with nematode extracts in 0.005 M CaC12, 
but  solutions were buffered at p H  9.0 rather  
than p H  4.0 or 6.0. 

Pathogenicity of nematodes of each 
populat ion on 'Wando'  pea was investigated 
by the procedure of Hussey and Krusberg 
(7). Infected seedlings were observed for 
symptoms, boiled in lactophenol-cotton 
blue, and cleared in lactophenol to deter- 
mine location of nematodes (6). 

All experiments were repeated once with 
different harvests of nematodes. 

RES U LTS  

Depolymerizing pectolytic activity was 
detected in solutions of pectic substances 
incubated with extracts of D. dipsaci (Fig. 
1). Pectin was the preferred substrate for 
RNC nematode extracts, whereas extracts 
of the W N C and ONY populat ions were 
more active towards Na polypectate. Op- 
timal p H  for enzyme activity was 6.0, 4.0, 
or 5.0 for the RNC, WNC, or ONY popula- 
tions, respectively. 
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FIG. 1-(a-b). Product ion  of reducing groups by 
pectin (a) and Na polypectate  (b) solutions incu- 
bated for 3 h with active (o) extracts of the RNC,  
WNC, and ONY popula t ions  of Ditylenchus dipsaci 
in 0.5 M NaC1 (x = boiled extract). Reducing 
groups are expressed in #moles of  galacturonic acid 
l ibe ra ted /ml  o[ reaction mixture .  

The endo-type of depolymerizing 
activity was great in pectin solutions de- 
graded by RNC nematode extracts, but  
minimal in Na polypectate solutions (Fig. 
2-a,b). Extracts of the WNC and ONY 
populations degraded both substrates with 
substantially greater activity occurring in 
Na polypectate solutions. Optimal pH was 
6.0 for extracts of RNC and 4.0 for extracts 
of WNC and ONY populations. Viscosity 
of pectin solutions decreased markedly 
when they were incubated with extracts of 
D. dipsaci in 0.005 M CaC12 (Fig. 2-c). 
Extracts of all three populations caused 
extensive reduction in viscosity with a pH 
opt imum of 9.0. Na polypectate solutions 
could not be tested because they instantly 
formed gels upon addition of CaCI~. 

Trans-eliminase activity was detected in 
nematode extracts (Fig. 3). Extracts of all 
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FIG. 2-(a-c). Reduct ion  in viscosity of pect in  
(a,c) and Na polypectate (b) solutions incubated  for 
30 rain wi th  active (o) extracts of the  RNC,  WNC, 
and ONY popula t ions  of  Ditylenchus dipsaci in 
0.5 M NaC1 (a,b) or 0.005 M CaC12 (c). x = boiled 
extract.  

three nematode populations in 0.005 M 
CaClz were active at high pH when pectin 
was the substrate; optimal pH was 9.0. 
Extracts in 0.5 M NaC1 were slightly active 
towards pectin solutions; optimal pH was 
7.0. Activity was not observed when Na 
polypectate was the substrate or when 
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FIG. 3. Absorbance at 548 nm of products of 
TBA reaction with pectin solutions incubated for 
24 h with active extracts of nematodes of the RNC 
(A), WNC (B), and ONY (C) populations of 
Ditylenchus dipsaci in 0.5 M NaC1 (o) or 0.005 M 
CaC12 (x). 

boi led extracts were used. H i g h  levels of  
pect in-degrading trans-eliminase activity 
were also detected in n e m a t o d e  extracts in 
the presence of  CaCI2 by measu remen t  of 
absorbance  of reac t ion  mixtures  at 230 nm.  
Again,  activity was greatest  at p H  9.0. 
Similar measurements  wi th  react ion mix- 
tures con ta in ing  NaC1 were inconclusive 
because tu rb id i ty  of  these solutions inter- 
fered wi th  measu remen t  of  absorbance.  

N o  differences in p H  developed between 
pect in solutions incuba ted  with active ex- 
tracts and  those incuba ted  wi th  boi led  
extracts. Apparen t ly ,  none  of  these nema- 
todes possess pect in  methylesterase.  

Breakdown  products  of pectolyt ic  act ion 
u p o n  pectic substrates were detected by 
paper  c h r o m a t o g r a p h y  (Fig. 4). Galactu-  
ronic  acid s tandards  became red  when  they 
were sprayed wi th  P-anis idine HC1. All  
spots formed by react ion mixtures  were red  
except  for a faint  yel low degrada t ion  prod- 
uct  (R~ 0.34) detected in react ion mixtures  
con ta in ing  active R N C  nema tode  extract.  
Pect in and  Na  polypecta te  re ta rded  move- 
m e n t  of  ga lac turon ic  acid. Ga lac tu ron ic  
acid was no t  detected in controls,  bu t  was 
f o u n d  in  reac t ion  mixtures  con ta in ing  
active extract  of  nematodes  of  any  popula-  
tion. Diga lac turonic  acid was detected in 
one  reac t ion  mix tu re  con ta in ing  W N C  
n e m a t o d e  extract.  

Po ta to  discs i ncuba ted  wi th  active ex- 
tracts of  any p o p u l a t i o n  of  D. dipsaci in 
0.5 M NaC1 were pa r t ly  macera ted  after 
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FIG. 4. Representative chromatogram of galactu- 

tonic acid standards and solutions of pectic 
substances incubated with extracts of nematodes of 
each population of Ditylenchus dipsaci. Papers were 
spotted with 10 /zg galacturonic acid (A), 10 #g 
galacturonic acid plus 10 ,ul of 1.25% pectin (B), 
10 #g galacturonic acid plus 10 /zl of 1.25% Na 
polypectate (C), l0 #1 of 1.25% pectin (D), l0 ttl of 
1.25% Na polypectate (E), 10 #l of any reaction 
mixture incubated with boiled extract of nematodes 
of any population (F), 10 #1 of 1.25% pectin 
incubated with RNC nematode extract (G), I0 #1 
of 1.25% Na polypectate incubated with WNC 
nematode extract (H), and 10 #1 of 1.25% Na 
polypectate incubated with ONY nematode extract 
(I). 

5 h. Large  pieces of  tissue were easily 
scraped f rom discs after  20 h. N o  macera-  
t ion occurred  in discs incuba ted  wi th  
boi led extracts. Macera t ion  observed in  
tests wi th  extracts con ta in ing  CaC12 was 
slight to none.  

W N C  nematodes  induced  a hypersensi- 
tive react ion,  dea th  of  the apical  meristem, 
and  pro l i fe ra t ion  of  lateral  buds  of  W a n d o  
pea (Fig. 5). Subsequent ly ,  a lateral  bud  
became d o m i n a n t  and  grew normal ly .  
Nematodes  of  the R N C  and  O N Y  popula-  
tions caused galls and  s tun t ing  (Fig 5). 
Nematodes  were observed inside these galls. 

D I S C U S S I O N  

R N C  nematodes  have endo-polymethyl -  
ga lac turonase  activity wi th  op t ima l  p H  of 
6.0, whereas endo-polygalac turonases  with 
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FIG. 5. Nineteen-day-old Wando pea seedlings 
uninoculated (A) or inoculated with nematodes of 
the RNC (B), WNC (C), or ONY (D) populations 
o[ Ditylenchus dipsaci. 

p H  op t ima  of  4.0 are present  in tile W N C  
and  ONY popula t ions .  T h i s  difference is 
indica ted  by: r educ ing  g r o u p  data,  which  
indicate  substrate preference and  p H  op- 
t ima of the NaCl-s t imula ted  enzymes; 
failure of T B A  to condense wi th  de- 
g rada t ion  products  in  reac t ion  mix tures  
con ta in ing  nema tode  extracts in  0.5 M 
NaC1; and  large losses of  viscosity in solu- 
tions of pectic substances when  extracts of 
nematodes  in 0.5 M NaC1 are added.  Paper  
c h r o m a t o g r a p h y  would  suggest tha t  galactu- 
ronic  acid is the terminal  degrada t ion  
product .  

Nematodes  of  all three popula t ions  have 
a CaC1.,-activated endo-pect in  methyl-tram- 
eliminase wi th  op t imal  p H  of 9.0. Th i s  fact 
was indicated by detec t ion of  unsa tu ra ted  
degrada t ion  products  by reac t ion  of  T B A  
with  react ion mixtures  con ta in ing  CaCI 2 
and  by r ap id  r educ t ion  in viscosity in pect in  
solutions incuba ted  wi th  extracts of  D. 
dipsaci in 0.005 M CaClo. 

Ou r  results general ly  suppor t  the find- 
ings of  several researchers (13, 16, 19). 
Therefore ,  earlier repor ted  var ia t ions  in 
pectolyt ic  activity a m o n g  nematodes  of  each 
p o p u l a t i o n  were no t  due  to var ia t ions  in 
cu l tu r ing  or  exper imenta l  technique,  bu t  to 
real  differences a m o n g  popula t ions .  T h e  
only  discrepancy between our  findings and  
those publ i shed  previously  consists of  the 
detect ion of  small amoun t s  of  P M E  in R N C  
nematodes  by Krusberg  (10). 

T h e  only  k n o w n  biochemical  differences 
between R N C  and  W N C  nematodes  are 
var ia t ions  in pectolyt ic  enzymes and  posses- 
sion by R N C  nematodes  of a un ique  pro te in  

b a n d  visible after gel electrophoresis  (9). 
A l though  pectinases may  con t r ibu te  to 
cellular  dea th  (2, 23), they have never been 
associated with the necrosis characterist ic  of  
the hypersensi t ive react ion in resistant 
plants. T h e  fact tha t  O N Y  nematodes  
have pectolyt ic  activi ty similar  to W N C  
nematodes  bu t  cause galls in W a n d o  pea 
seedlings like K N C  nematodes  fur ther  sug- 
gests tha t  presence of  a cer ta in  pectolyt ic  
enzyme is not  the l imi t ing  factor  in patho-  
genesis of  a given p o p u l a t i o n  of  D. dipsaci 
towards W a u d o  pea. Instead,  resistance of  
W a n d o  pea to W N C  nematodes  m a y  
largely depend  u p o n  (i) addi t iona l  differ- 
ences in substances secreted by  nematodes  
of  each popu la t ion ,  (if) possible presence 
or  induc t ion  by nema tode  feeding of  a toxin  
in W a n d o  pea that  inactivates W N C  
nematodes ,  or  (iii) produc t i on  by W a n d o  
pea of  substances characterist ic  of an im- 
m u n e  response to a W N C  n e m a t o d e  
prote in .  
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Effects of Hydrolytic Enzymes on Plant-parasitic Nematodes 
P. M. MILLEW and D. C. SANDS 2 

Abstract: Proteases, lipase, and chitinase killed Tylenchorhynchus dubius in vitro and in soil. 
Tylenchorhynchus dubius was more susceptible to the enzymes than Pratylenchus penetrans. 
Papain was the most effective protease, and other enzymes were less effective. Heating enzymes 
to 80 C for 10 rain greatly reduced nematicidal effectiveness. Scanning electron micrographs 
showed that papain and chitinase produced structural changes in the cuticle of T. dubius. 
Lipase removed a thin outer layer. Papain removed material filling the striata, or furrow, 
between the horizontal bands. When added to soil, chitinase, lipase, collagenase, and proteases 
(papain and bromelain) decreased motility of T. dubius populations up to 75%. Bromelain was 
the most active in soil against T. dubius, and collagenase was the most active in soil against P. 
penetrans. Key Words: Tylenchorhynchus dubius, Pratylenchus penetrans, chitinase, papain, 
collagenase, lipase, cuticle, soil, scanning electron microscope. 

O r g a n i c  m a t t e r  a d d e d  to  soi l  d e c r e a s e s  

p o p u l a t i o n s  of  p l a n t - p a r a s i t i c  n e m a t o d e s  

(6, 9, 10). N e m a t o d e s  a r e  p r e s u m a b l y  ex- 
p o s e d  to  d i f f e r e n t  types  of  e n z y m e s  r e l e a s e d  
d u r i n g  t h e  d e c o m p o s i t i o n  of  t h e  d i f f e r e n t  

Received for publication 19 December 1975. 
1Department of Plant Pathology and Botany, The Connecti- 
cut Agricultural Experiment Station, P. O. Box 1106, New 
Haven, Conn. 06504. We thank Margaret Finkbeiner for 
technical assistance and Dr. Allen Pooley, Peabody Museum 
and Yale University, for assistance with the scanning 
electron-microscopy. 

2 Present address: Department of Plant Pathology, Montana 
State University, Bozeman, NIT 59715. 

t ypes  o f  o r g a n i c  m a t t e r  i n  soi l .  I n  th i s  

p a p e r ,  w e  r e p o r t  t h e  effects  o f  s eve ra l  
e n z y m e s  f r o m  p l a n t  t i ssues  o n  p l a n t -  
p a r a s i t i c  n e m a t o d e s .  T h e  e n z y m e s  w e r e  u s e d  
s ing ly  o r  in  c o m b i n a t i o n ,  in vitro a n d  i n  
soil .  T h e  i n f l u e n c e  o f  p a p a i n  a n d  co l l age-  
n a s e  o n  n e m a t o d e s  p a r a s i t i c  o n  a n i m a l s  
has  a l r e a d y  b e e n  r e p o r t e d  (1, 2). 

M A T E R I A L S  A N D  M E T H O D S  

Tylenchorhynchus dubius was  e x t r a c t e d  
by  s u g a r  f l o t a t i o n  a n d  a t i s sue  t e c h n i q u e  
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